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Aedes aegypti  in Tucson, Arizona

To the Editor : The highly domestic mosquito
species Aedes aegypti, a tropical, nonnative
vector of dengue and yellow fever, has been
identified in several desert communities,
including the city of Tucson and the border towns
of Douglas, Naco, and Nogales (1). Ae. aegypti
has now been found in the southern Arizona
communities of Benson and Sahuarita Heights,
which indicates that its distribution is probably
expanding. Moreover, mosquito surveillance
indicating that Ae. aegypti populations in Tucson
are established throughout the city supports local
concerns that the mosquito poses a public health
risk in Arizona�s second largest metropolitan area.

Since it was first detected in 1994 on
Tucson�s west side, the mosquito has been found
in the central downtown and university districts,
northern foothills, and the east and south sides
(both in residential areas, including schools and
parks, and in business districts). Between 1995
and 1997, almost 200 adult Ae. aegypti (female
and male) were recovered in CDC CO2 traps from
26 sites in Tucson by vector biologists from the
Arizona Department of Health Services, Pima
County, and the University of Arizona Veteri-
nary Science Department.

These trapping events occurred between
May and October of each year and were
associated with either routine arbovirus surveil-
lance or nonsystematic Ae. aegypti �spot-checks.�
Many of the sites were sampled more than once
and 30% contained Ae. aegypti on multiple
occasions. Catches from individual sites con-
tained 1 to 40 adult mosquitoes (mode = 1).

A larval survey of the city has not yet been
conducted because of limited staff and problems
associated with oviposition trapping, an impor-
tant part of Ae. aegypti larval surveillance (2).
Initial attempts at ovitrapping by state, county
(1), and later university personnel were not
successful because the hay infusion water in
ovitraps evaporated rapidly in Tucson�s arid
climate. However, the few larvae recovered from
household containers suggest that Tucson�s
urban environment is providing a breeding
habitat. Since the local climate requires full-time
vigilance of ovitraps, this method of surveillance
appears too labor intensive for the present.

In 1997, the University of Arizona Entomol-
ogy Department initiated a mosquito survey of

the city. This multiyear project is funded by the
Entomology Department, the city of Tucson, and
the Pima County Health Department. Neighbor-
hood associations in Tucson were surveyed for
their perceptions of the magnitude of the
mosquito problem in their areas. On the basis of
survey results, the city was divided into regions:
north, east, south, west, and central. Four
trapping stations were established in each region
for a total of 20 sites spanning the metropolitan
Tucson and outlying areas. The five regions were
surveyed for mosquitoes through use of CO2
traps approximately every 10 days starting July
1, 1997; traps were set in the late afternoon and
collected in the late morning. Daytime CO2
trappings were not effective.

The Entomology Department�s 1997 surveil-
lance data suggest that the central part of the
city is the most heavily infested. Of 95 adult Ae.
aegypti trapped, 49.5% were from the central
region of Tucson, 18.9% from the west side,
17.9% from the east side, 10.5% from the north
side, and 3.2% from the south side. The mosquito
populations appeared to fluctuate with the
weather, increasing in size after rainfall. Long-
term trapping and future larval surveys should
shed more light on this association.

Pima County and the University of Arizona
Veterinary Science Department trapping activi-
ties in 1997 also produced evidence of  Ae. aegypti
in two communities near Tucson. Six adult
mosquitoes were recovered in the town of
Benson, 30 miles southeast of Tucson, and
seven were trapped in Sahuarita Heights, 15
miles south of Tucson. The presence of the
mosquitoes in these communities, as well as in
Douglas, Naco, and Nogales, demonstrates
that Arizona�s smaller desert communities are
also susceptible to Ae. aegypti infestations. The
humidity emitted by home evaporative coolers
may be crucial for the survival of tropical
mosquitoes, such as Ae. aegypti, in Arizona�s
arid climate (N. Monteny, pers. comm.).

Genetic analysis of the Ae. aegypti collected
from southeastern Arizona, Texas, and Mexico is
under way at the University of Arizona Ecology
and Evolutionary Biology Department to
determine the structure, history, and origin(s) of
the reemergent mosquito populations. Prelimi-
nary findings from mitochondrial DNA se-
quences suggest that Ae. aegypti in Arizona
represent a single (panmictic) population, which
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indicates frequent local migration. More exten-
sive sampling is necessary to confirm these
results and determine a point of origin.

A community outreach program has been
developed to inform the public about Ae. aegypti
breeding and control in Tucson. Public involve-
ment will be a key factor in the control of these
urban breeders. Major emphasis will also be
placed on programs for children and teachers as
both groups can be instrumental in maintaining
long-term interest in this problem. As these
programs are developed, they can be expanded
and amended to meet the needs of other infested
communities in southern Arizona. A mosquito
control abatement district is under consideration
in a central part of Tucson. The primary purpose
of this district would be to provide approximately
10,000 homeowners with information on control-
ling Ae. aegypti breeding on their property.

Just how long the Ae. aegypti infestation will
last is difficult to assess. Records of the city�s
earlier infestation indicate the mosquito was
present for at least a 15-year period (1931 to
1946) (1,3,4). Since their identification in early
1998 summer mosquito samples from Tucson,
adult Ae. aegypti have been part of the city�s
local environment for at least  5 consecutive
years (1994 to 1998). Their continued presence
and the abundant breeding habitat provided by
the expansion of Tucson�s urban landscape
suggest that Ae. aegypti could survive for an
extended period.

T. Michael Fink,* Bosun Hau,� Branford L. Baird,�
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Can the Military Contribute to Global
Surveillance and Control of Infectious
Diseases?

To the Editor:  Numerous networks�both formal
(e.g., Ministries of Health and WHO Collaborat-
ing Centers and collaborating laboratories) and
informal (e.g., nongovernmental and humanitar-
ian organizations, the media, and electronic
discussion groups)�contribute to WHO�s net-
work of networks for the global surveillance of
infectious diseases (1).

A potential source of additional information
on infectious diseases is the network of military
health facilities and laboratories throughout the
world. In addition to health facilities serving
populations at high risk for infectious diseases,
the military also has laboratories, often among
the better-equipped, in developing countries.
To evaluate the feasibility and potential
usefulness of including military laboratories in
the WHO global surveillance network, we
conducted three surveys.

The first survey identified military laborato-
ries willing to participate in global surveillance
activities and obtained information about their
infectious diseases reporting systems. Of the 107
countries surveyed, 76 replied. Among them, 53
(70%) reported having a central military
laboratory that coordinates laboratory activities
throughout the military, and 62 (82%) reported
that military clinical facilities had a reporting
system for infectious diseases.

The second survey quantified laboratory
capabilities in the 53 laboratories identified in
the first survey and obtained details about the 62
reporting systems. Among the 39 (74%)
laboratories that replied, all can perform at least
one of the following activities: isolating and
identifying bacterial, viral, or parasitic agents.
Twenty-nine (55%) have the capacity for
specialized immunologic or molecular study. In
addition, one of these laboratories has a biosafety
level 4 facility, six have a biosafety level 3
facility, and 10 have a biosafety level 2 facility.
Twenty-seven (51%) of the laboratories perform
compulsory screening of new recruits for HIV, 17
(33%) for hepatitis B, 7 (13%) for hepatitis C, 39
(74%) for tuberculosis, 35 (67%) for syphilis, 18
(34%) for intestinal parasites, 13 (25%) for
schistosomiasis, 12 (23%) for malaria, and 2 (4%)
for Chagas disease.
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Among the 54 reporting systems for which
further information was obtained, clinical
diagnoses (in some countries laboratory con-
firmed) are reported through the hierarchical
chain, normally by mail or facsimile, but in two
countries by electronic links. Almost all military
reporting systems are parallel to civilian
systems. Thirty-four (63%) of 54 systems feed
into the civilian system, with a built-in
mechanism to avoid duplicate reporting; 16
(30%) systems feeding into the civilian system
have no such mechanism in place; and four
have no link with the civilian system.

The third survey addressed vaccination
policies. Among 52 countries that replied, 47
(90%) have a compulsory military vaccination
schedule: 45 (87%) for tetanus, 30 (58%) for
diphtheria, 23 (44%) for typhoid, 16 (31%) for
bacillus Calmette-Guérin and polio, 12 (23%)
for meningococcal meningitis, and 10 (19%) for
measles, mumps, and rubella.

These surveys show that military popula-
tions are protected against many infectious
diseases and that a wealth of information is
obtained by military laboratories and health-
care facilities on populations at high risk for
infectious diseases. While most of the informa-
tion collected from the health-care facilities is
reported through civilian systems as well,
incorporating the military network of laborato-
ries into the WHO global surveillance network
could ensure broader coverage.

Raffaele D�Amelio*� and David L. Heymann�
*Ministero della Difesa, Direzione Generale Sanità

Militare, Roma, Italy; and �World Health
Organization, Geneva, Switzerland
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Dual Infection with Ehrlichia chaffeensis
and a Spotted Fever Group Rickettsia: A
Case Report

To the Editor:  In their article, Daniel J. Sexton et
al. state, �Well- documented cases of simulta-
neous human infections with more than one tick-
borne pathogen are rare� (1) and mention only
two reports of such cases. However, another

report should be mentioned because of its
historical interest and the lessons it may teach.

In 1900 to 1905, in the Bitter Root Valley, a
tick-borne disease emerged, which became
known as Rocky Mountain spotted fever. Although
Ricketts et al. later published a report (2), which
identified the causative agent, in 1904 L.B.
Chowning  and W.M. Wilson published Studies
on Pyroplasma hominis (3). They reported
finding Pyroplasma (since changed to Babesia)
in the blood of approximately 20 patients with
spotted fever. They studied this organism in
detail and even found the reservoir for it in the
local rodent species. Wilson et al. thought that
the organism was the causative agent of spotted
fever. On the basis of their excellent plates and
descriptions, it is clear that the organism they were
describing was what we later came to know as
Babesia microti.

The work of Wilson and Chowning was
ignored and forgotten for many years. They had
incorrectly concluded that spotted fever was
caused by a parasite. For many years it was �well
known� that Babesia infections became apparent
in human patients only on removal or inactivation
of the spleen. That persons with functional
spleens were subject to infection with B. microti
was finally established by the so-called Nantucket
outbreak (4) and subsequent publications.

Therefore, Wilson and Chowning�s work
reports several cases of simultaneous infections
of humans by two tickborne pathogens; i.e.,
patients had spotted fever and B. microti in the
blood. More poignant was that an �emerging�
disease of humans was missed and not
discovered again for some 70 years.

Alexander J. Sulzer
Fellow, American Academy of Microbiology; Fellow,

emeritus, Royal Society of Tropical Medicine and
Hygiene; Member, emeritus, American Society of

Tropical Medicine and Hygiene
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Dual Infection with Ehrlichia chaffeensis
and a Spotted Fever Group Rickettsia: A
Case Report—Reply to Dr. Sulzer

To the Editor:  Several investigators have
suggested that some of Wilson and Chowning�s
patients may have had coinfection with Babesia
and Rickettsia rickettsii (1-4). Furthermore, the
organisms that Wilson and Chowning observed
in red cells of 20% of the local Columbian ground
squirrels are consistent with later reports of
various species of Babesia in the erythrocytes of
other species of squirrels (4). However, most
rickettsiologists who have commented on Wilson
and Chowning�s paper have concluded that
intraerythrocytic organisms observed in blood
samples did not contribute substantially to the
illnesses of the 23 patients described. Although
Stiles, Wenyon, and Brumpt concluded that the
organisms in human blood samples observed by
Wilson and Chowning were artifacts or malarial
parasites (5-7), contemporary experts who have
reviewed the colored plates that accompanied
Wilson and Chowning�s 1904 paper believe that
there is �little� or �no doubt� that Wilson and
Chowning actually described organisms of the
genus Babesia (1,2,8).

In a commentary that followed the republica-
tion of Wilson and Chowning�s landmark paper
in 1979 (9), Richard Ormsbee reviewed the
sequence of events that followed the publication
of Wilson and Chowning�s report in 1904 (10).
After more than 200 hours of careful microscopy,
C.W. Stiles could find no evidence of Pyroplasma
in the blood of 12 patients with Rocky Mountain
spotted fever (RMSF). He refuted Wilson and
Chowning�s findings (5) and challenged
Chowning, who was also in the Bitter Root
Valley, to demonstrate the presence of organisms
in the blood of a person with a typical case of
RMSF. Chowning was unable to find Pyroplasma
in blood smears from these patients (10). Ricketts
did not arrive in the Bitter Root Valley to begin
his studies of RMSF until 1906 (11); thus he
could not have published his classic paper on the
etiology of RMSF in volume 1 of the Journal of
Infectious Diseases.

To our knowledge, ecologic studies done in
the Bitter Root Valley have not demonstrated
endemic foci of babesial infection. A serologic
survey of 246 Bitter Root Valley residents in 1978

showed no antibabesial antibodies (12). Al-
though it is possible that 4 of the 23 patients
with RMSF described by Wilson and Chowning
had incidental preexisting latent babesial
infection, the clinical and autopsy data they
presented suggest that the patients had typical
R. rickettsii infection. There is no proof that
any of the patients described by Wilson and
Chowning had simultaneous acute babesial and
rickettsial infection, and we agree with Ormsbee
that the significance of the �Pyroplasma
hominis� described in the blood smears of several
of Wilson and Chowning�s patients is �... a
mystery that persists to this day� (10).

Daniel J. Sexton* and David H. Walker�
Duke University Medical Center, Durham, North
Carolina, USA; and University of Texas Medical

Branch at Galveston, Galveston, Texas, USA
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Reemergence of Plasmodium vivax
Malaria in the Republic of Korea

To the Editor:  In �Reemergence of Plasmodium
vivax malaria in the Republic of Korea� (1), the
term eradication was, in my judgment,
inappropriately used. In 1981, Yekutiel proposed
that eradication is �The purposeful reduction of
specific disease prevalence to the point of
continued absence of transmission within a
specified area by means of a time limited
campaign� (2). In 1984, Hinman proposed an
important addition that eradication must have
followed a �deliberate effort� (3). At the Dahlem
Workshop in 1997 (4), a more comprehensive
definition was proposed. This definition states
that eradication is �Permanent reduction to zero
of the worldwide incidence of infection caused by
a specific agent as a result of deliberate efforts;
intervention measures are no longer needed� (4).
At the same conference, two other terms were
also defined. Elimination of disease: �Reduction
to zero of the incidence of a specified disease in a
defined geographic area as a result of deliberate
efforts; continued intervention measures are
required.� Elimination of infection: �Reduction to
zero of the incidence of infection caused by a
specific agent in a defined geographic area as a
result of deliberate efforts; continued measures
to prevent reestablishment of transmission are
required.�

These definitions promote unanimity in
using the term eradication and avoid misconcep-
tions over accomplishments.

Philip S. Brachman
The Rollins School of Public Health of Emory

University, Atlanta, Georgia, USA
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Paratyphoid Fever

To the Editor:  The letter on paratyphoid fever
by Kapil et al. (1) stated that an outbreak of
enteric fever due to Salmonella paratyphi A
has never been reported. A large (227 cases)
outbreak of enteric fever secondary to S. paratyphi
A occurred in the Arabian Gulf nation of
Bahrain in 1987. The clinical and epidemio-
logic details of the outbreak were reported in a
local medical society journal (2). Like the
outbreak described by Kapil et al., the
Bahraini outbreak was associated with sewage
leaking into the water supply.

Mark R. Wallace
Naval Medical Center San Diego, San Diego,

California, USA
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Hospitalizations After the Persian Gulf
War

To the Editor:  Knoke et al., Naval Health
Research Center, San Diego, California, pub-
lished two articles on military hospitalizations in
Persian Gulf War veterans, the most recent in
Emerging Infectious Diseases (1,2).

Although the titles of both articles indicated
general hospitalizations, Knoke et al. studied
just military hospitalizations among selected,
mostly healthy, active-duty Persian Gulf War
veterans enlisted as of 1994. They compared
military hospitalizations of active-duty Gulf War
veterans (cases) with military hospitalizations of
active-duty era veterans not in the Persian Gulf
between 1990 and 1991 (controls). �Healthy
warrior� effects would have predicted low
military hospitalization rates for both cases and
control populations (3), but both were high.

The studies were �restricted to active-duty
personnel� hospitalized in military facilities
because active-duty personnel were �rarely
hospitalized outside of DoD facilities� (1).
However, of 150 surgical procedures, mostly
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intestinal and skin biopsies, performed on 85 sick
active-duty and reservist Persian Gulf veterans
from Pennsylvania between 1991 and 1995, more
than one third, 58 (39%), were performed in
private facilities (4). Most of the federal
procedures were done in Veterans Administra-
tion (VA), not military, hospitals. Many active-
duty, sick Persian Gulf veterans in Pennsylva-
nia, Texas, and California deliberately avoided
military, and some VA, hospitals between 1991
and 1997 because of concerns about competence,
convenience, confidentiality, and career opportuni-
ties during this era of downsizing and closing of
military bases (3,5).

In addition, Knoke et al. excluded at least
five groups of sick veterans from their limited
case studies: 1) those treated in VA and private
hospitals, 2) those from the Reserves and
National Guard, 3) those who retired early
largely because of illness, 4) those who consented
to long military hospitalizations within the DoD
Comprehensive Clinical Evaluation Program
(CCEP) for Gulf War Veterans, and 5) those who
had obstetric complications after returning home
from the Gulf War. Thus, many sick veterans
were excluded from the case studies.

If we hypothesize that one or more new
infectious agents like Leishmania tropica,
Brucella species, Bacillus anthracis, Myco-
plasma fermentens (incognitus), Coxiella burnetti,
or obscure fungi or molds might be involved,
comprehensive research studies in the future
would do better to include all workers from the
Arabian desert, reservists as well as active-
duty personnel.

Few Gulf veterans with Gulf-related ill-
nesses were welcomed by military hospitals and
about half of 452 Persian Gulf veterans surveyed
by the U.S. General Accounting Office sought
health care outside the VA for health problems
they believed were related to service in the
Persian Gulf (5). An alternative interpretation
of Knoke�s hospitalization study might be that
admitting officers in military facilities pre-
vented sick Persian Gulf War veterans from
obtaining medical care within their facilities.

Not only were the case populations studied
unusual; recent workers and travelers to the
Middle East were not excluded from the control
population. �Nondeployed� controls included
recently deployed Persian Gulf military person-
nel as long as nondeployed personnel worked in

the Gulf after 1991. Some of those late-deployed
Persian Gulf workers also fell ill with the same
illnesses as veterans deployed between August
1990 and 1991. Illnesses from late Persian Gulf
deployments might explain excess hospitaliza-
tions seen in nondeployed controls. All late-
deployed personnel from the Middle East should
also have been excluded from the nondeployed
control population.

Finally, medical ICD-9 diagnoses, while
interesting, were incomplete and nonspecific.
Medical diagnoses common to Gulf veterans
should have been listed in addition to
unexplained illnesses. Knoke�s condensed diag-
nostic list, like patient charts we have seen from
DoD hospitalizations, may have failed to capture
common clinical and laboratory abnormalities
seen in many sick Gulf veterans, including (but
are not limited to) ulcerative colitis, Crohn
colitis, inflammatory bowel disease, intestinal
bleeding due to inflammatory colonic polyps,
skin acne, nodules, plaques, psoriasiform skin
rashes, nose ulcers, nose bleeds, leukocytosis,
neutropenia, elevated alanine transaminase
(SGPT/ALT) liver enzymes, hepatosplenom-
egaly, thrombocytopenia, nephrolithiasis (kid-
ney stones), and fevers of unknown origin (4,6).
In addition, more than one unexplained illness
category should have been tabulated per patient,
because �Gulf War Syndrome� is a multisystem
illness (4,6-9).

More research is needed on hospitalizations
in addition to deaths and new diseases found in
Persian Gulf War veterans (3). Civilian scientists
and physicians must collaborate closely with
other diverse federal and nonprofit organiza-
tions to study Gulf War illnesses objectively (5,9).
The health problems seen in Gulf War veterans
may be part of a new complex of emerging desert-
associated illnesses (9-14).

Katherine Murray Leisure,* Nancy L. Nicolson,�
and Garth L. Nicolson�

*Infectious Diseases, Travel Medicine, Lebanon,
Pennsylvania, USA; and �Institute for Molecular

Medicine, Huntington Beach, California, USA
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Hospitalizations after the Gulf War—Reply
to K.M. Leisure et al.

To the Editor: We studied all active-duty Persian
Gulf War�era veterans who remained on active
duty at the conclusion of deployment (July 31,
1991), not as Leisure et al. stated in their letter
�selected, mostly healthy, active-duty Persian
Gulf War veterans enlisted as of 1994.�

Our study was restricted to hospitalizations
of active-duty service members because these
were the only service members whose records
were available on computerized files. No one was
excluded from the defined target population.
However, there are �sick Gulf War veterans� and
healthy Gulf War veterans not in the target
population. The difficulty is in studying either a
random sample or the entire population of Gulf
War veterans. The only published study we know
of the entire population is the mortality report of
Kang and Bullman (1).

The suggestion that we should have excluded
from the control group service members who had
ever been in the Gulf War area would have been
appropriate for a report of exposure to the
Persian Gulf region; ours was a report of
exposure to the Persian Gulf War. That we
should have studied a different collection of ICD-
9 diagnoses also suggests a different report.

While our study may have limitations, we
have not seen objective data that support the
anecdotal observations of Leisure et al.

James D. Knoke and Gregory C. Gray
Naval Health Research Center, Sand Diego,

California, USA
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